In th e case of a num ber o f N -(pyridyl)-pyrrole derivatives a linear relation was found b etw een th e PM R chem ical shifts o f th e olefinic and arom atic protons and th e adjacent carbon n e t charges. The charge distribution w as obtained as a sum o f a-and 7i-parts, calculated by th e D el R e and P P P m ethods, resp ectively. Steric effects were treated on the basis o f chem ical shift anom alies.
Introduction
Recently several N-(pyridyl)-pyrrole derivatives were synthetized in our laboratory1. The cyclization of substituted 2 -(pyridy 1 -amino-methy lene) -suecinic acid derivatives (1) yields 1,5-diazanaphtalenes (2) and N-(pyridyl)-pyrroles (3) sim ultane ously (see Scheme). To prove the chemical structure PMR studies were performed, too, and a great number of chemical shift data was obtained. I t was necessary to find the systematic trends in the spectra in order to make assignation easier. Simi larly to others2 we used quantum chemically calculated net charge densities for the interpreta tion of chemical shift changes. In the case of some compounds the measured chemical shift values do not correspond to the obtained linear relation. It is proved in the last section th a t this is due to steric effects.
Besults and Discussion

P M R chemical shift data
The measured chemical shifts of the olefinic and aromatic protons together with the total and ncharges, respectively, are given in Table I . The PMR spectral param eters were determined with the aid of the LAME program 3. For 6' substituted compounds the assignation of the 3' and 5' proton signals, respectively, was made on the basis of the carbon charges. The problem is discussed in detail in the next section.
Quantum chemical system atization
I t is known th a t the shielding effect of the elec trons, arising a t the i-th nucleus, can be written as a sum of three term s4 <Ji = <Tidl + <Tif -f <7lpl
(1) G uest a t th e R esearch Group for Quantum Theory, H -1 5 0 2 B udapest/112, H ungary. For related substances both the <7if shielding term, due to all electrons in the molecule but the ones around the nucleus i, and the cripl paramagnetic term is considered to be constant5. The <7idl dia magnetic term is due to the polarization of a C-H bond by the net charge on the carbon atom. The theoretical treatm ent leads to the result th a t a linear dependence is valid6. Thus the proton chemi cal shift can be written as follows
where qiu is the net charge on the i-th carbon atom. The theoretically estimated value of A lies within the range of 4 -7 ppm/charge6. G a w e r and D a i l e y 5 obtained a value of about 8 ppm/charge for A in the case of nitrogen heteroaromatic molecules. B contains the terms which are constant for a given class of similar molecules.
A least-square fitting of the coefficients of eq. (2), using the measured chemical shifts and the total (a + n) as well as the bare jr-charges, was performed.
The results are summarized in Table II . The plot of the fitted line is given in Fig. 1 . Further the following equation was investigated, to o : The results prove th a t the total charges give a b etter correlation than does the n -charge alone. Higher ^-values are obtained and the correlation coefficients lie closer to the unity if total charges are used in eq. (2). On the other hand eq. (3) yields a worse correlation than does eq. (2). Our data are measured at 60 Mcsec-1, which means th a t the val ue of 9 ppm/charge which was obtained for A of eq. (2) is in rough agreement with the theoretical one. Table I I confirms the assignation of the 3' and 5' proton signals. A reversed assignation leads to a worse correlation between the net charges and the chemical shifts. This is also true if n or o-\-ti charges are used in eq. (2), respectively.
The 3'-protons, belonging to the Zl4-pyrrolin-2-one derivatives, have chemical shifts very different from the values obtained in eq. (2). Thus these points were left out when the correlation coefficients were calculated. The reason for this anomaly lies in the planar structure of the molecule. This problem is discussed in the next section.
Steric effects
An anomalously great deviation from eq. (2) for the 3 '-protons can be observed when dealing with the compounds of the type 3. This is caused by the anisotropic effect due to the stabilization of a preferred planar structure. The analogy with the PMR spectra of the N-acetyl-a-aminopyridine (8) , which is similar in constitution to the compounds 3, confirms this hypothesis. Our statem ent for the compound 8 can be proved in two ways.
Analysing th e PMR spectra it is found th at in case of the p-anisidine (5) the ortho proton chemical shift differs from th at of the ^-alkoxy-acetanilide (6) with a value of 42 cps. This is mainly due to the greater -I effect of the acetylamino group. Shielding, due to pure anisotropic effects, can be neglected here. According to free rotation both ortho protons are equivalent. On the other hand this difference for the a-aminopyridine and N-acetyl-a-amino pyridine is 97.2 cps. Assuming th a t the -I effect, due to the acetyl group, is the same for benzene and for pyridine derivatives, respectively, an extra increase of 55.2 cps is obtained. This is due to an anisotropic effect as the carbonyl group which, in the case of 8, does not rotate freely interacts with the ortho proton. Consequently, through forming a planar structure, the distance between the oxygen atom and the proton becomes the smallest.
Another indication can be found if it is noted th at, in general, the total net charges of the ortho (3') and para (5') positions are essentially the same (see e.g. Table I ). The chemical shift difference be tween the signals of the ortho and para protons in N-acetyl-a-aminopyridine (8) is 68.4 cps (see Table III ). This lies higher than the same difference 
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0^c^Me I in the case of the compound 7 with 68.4-6.0 = 62.4 cps. This value, due to a pure anisotropic effect, is in rough agreement with the one ob tained above. zl4-Pyrrolin-2-one derivatives are very similar in constitution to the compounds discussed above. Thus the analogy seems to be plausible. The orthopara proton chemical shift difference is 63.9 cps (Table III) . The difference between the calculated (eq. (2)) and measured chemical shifts is 52 cps. Both values are in a fair agreement with the corre sponding ones obtained for the aminopyridine derivatives.
There are two reasons for the formation of a planar structure. First the stabilizing effect of con jugation and second the repulsion of the negatively charged 0 and N atoms. Our considerations are in accord with the results of preliminary X-ray diffraction studies10. According to these 4-carbethoxy-(6/-methylpyridyl)-pyrrole is planar in the crystalline state.
Experimental and Theoretical
The PMR spectra were recorded with respect to a CHCI3 internal standard. The data were converted into ones which are related to TMS. A Perkin-Elmer R 12 spectrometer was used. The ^-charges were calculated according to Del R e's m ethod11 the 7r-charges by the P P P procedure12. The parameters of the latter calculation were taken from a previous work13.
